Representative strains of each of the named species of Legionella were examined for isoprenoid quinones by reverse-phase thin-layer chromatography.
Members of the genus Legionella are gramnegative, non-sporeforming bacteria with fastidious growth habits. The first recognized member of the genus, Legionella pneumophila (3), was isolated in 1977 aiid shown to be the etiological agent of Legionnaires disease (14) . Since that time, five additional species have been described (2, 11, 15, 16) . All members of the genus fail to grow on common bacteriological media and, thus, few conventional cultural and biochemical tests are useful for identification (23) . Chemical data from cellular fatty acid analysis (10, 11, (16) (17) (18) and DNA hybridization measurements (2, 10, 11, 15, 16) are required to establish relatedness. Clearly additional tests are needed to identify and distinguish Legionella species.
Isoprenoid quinones are widely distributed in nature and have been shown to be useful for identifying and classifying some bacteria (4-6, 22, 24, 26) . They are divided into two structural groups, menaquinones (vitamin K2) and ubiquinones (coenzyme Q), and are located in the bacterial plasma membrane, where they function in electron transport (8) . In most organisms ubiquinones function as coenzymes in the cytochrome-containing terminal respiratory system (7). In mitochondria, studies have shown that ubiquinone acts as a coenzyme in the succinic and NADH dehydrogenase system by transporting electrons from the dehydrogenase flavoproteins to the cytochromes of the electron transport system (12) . Menaquinones are thought to carry out similar electron transport functions in organisms with few or no ubiquinones (8) . The menaquinones have a 1,4-napthoquinone ring nucleus, whereas ubiquinones have a 1,4-benzoquinone ring. Both menaquinones and ubiquinones have isoprenoid side chains which vary in number of isoprene units, as well as in the degree of unsaturation of the side chain. Our study was conducted to determine the isoprenoid quinone content of Legionella and to evaluate the usefulness of quinones as chemotaxonomic markers for identification and classification of Legionella species.
MATERIALS AND METHODS
Microorganisms. The Legionella strains tested together with their source and strain designations are listed in Table 1 . Each of these strains was grown on buffered charcoal-yeast extract agar (CYE) as described previously (19) . Cells were harvested after incubation for 24 Teflon-lined cap. A 3-ml amount of 1% (wt/vol) pyrogallol in methanol and 0.2 ml of 50% aqueous KOH were added. The mixture was refluxed for 10 min at 100°C and immediately cooled to room temperature by placing the tubes under running tap water. A 1-ml amount of distilled water and 5 ml of n-hexane were added, and the mixture was shaken vigorously for 5 min and then centrifuged at 1,200 x g for 10 min. The hexane layer was removed, and the aqueous phase was reextracted with an additional 5 ml of n-hexane. The combined hexane layers were evaporated to dryness under N2, and the resulting residue was taken up in 0.1 ml of ethyl acetate or diethyl ether. This sample solution was used for reverse-phase thin-layer chromatography (RPTLC).
Direct extraction of isoprenoid quinones. A modified procedure of Krivankova and Dadak was used (13) . (25) . These peaks correspond to the benzelium and pyrilium ion, respectively, and are produced by the fragmentation of the benzotemperature of 3000C, and a quinone portion of the ubiquinone molecule (25) . (8, 20, 21 over, both L. pneumophila and L. micdadei contained small amounts of ubiquinone Q13, which to our knowledge has not been found in other bacteria (5, 8, 9) . Thus, at present it appears that the presence of ubiquinones Qll and Q12 could serve as useful chemical markers of the genus Legionella, but this observation may require modification as other species are discovered.
No qualitative and only small quantitative differences were observed in the ubiquinone content among strains or serogroups within a given species. For example, each of the 18 strains of L. pneumophila representing 3 strains of each of the six serogroups gave essentially identical ubiquinone TLC patterns. Age of the cells had no effect on ubiquinone content, as similar results were obtained with several strains processed after various periods of incubation up to 72 h. Other variables (i.e., media composition, degree of aeration) which may influence ubiquinone content were not studied. The direct extraction and saponification procedures gave comparable results. However, we prefer the saponification procedure because it gave cleaner chromatograms (by destroying interfering lipids) and also yielded slightly greater amounts of ubiquinones, as evidenced by the size and intensity of spots on the thin-layer chromatogram.
Previous studies have established the value of cellular fatty acid analysis for rapid identification of Legionella, but the test cannot distinguish L. pneumophila from L. longbeachae or L. micdadei from L. bozemanii, L. dumoffii, and L. gormanii (2, 10, 11, 15, 16 
